Intrinsic helical propensities and stable secondary structure in a membrane-bound fragment (S4) of the shaker potassium channel.
The location and stability of helical secondary structure in a fragment comprising an extended sequence of the S4 transmembrane segment of the Shaker potassium channel was determined in methanol, and when bound to vesicles composed of egg phosphatidylcholine: egg phosphatidylglycerol (4:1; mol:mol) in water. The N-acetylated, C-amidated peptide corresponds to the sequence comprising residues A355-I384 in the Shaker potassium channel. Although NOEs characteristic of helical structure encompass essentially the full peptide sequence in methanol, analysis of amide and CH(alpha) chemical shifts, and amide exchange protection factors establish that stable helical structure comprises only around the first 22 amino acids of the 30 residue peptide. This sequence corresponds to that predicted to have the highest helical stability in water, indicating that while helical structure is considerably stabilised in methanol, the relative helical propensities of amino acids in methanol may be similar to those in water. In the presence of vesicles containing negatively charged lipids, helical structure corresponding to a maximum of around 40 % of the extended S4 peptide is induced; no helical structure is induced in the presence of vesicles composed only of neutral lipids. The location of stable helical structure in the membrane-bound peptide was determined by amide hydrogen-deuterium exchange trapping, and was shown to encompass the sequence between residues near M2 and I18. This sequence is similar to that having high helix propensity in water and methanol, supporting the idea that intrinsic helical propensities are important in defining the location of stable helical structure in polypeptides bound in the interfacial region of lipid bilayers. The study defines an approach to determining the location of, and contributions to, the stability of helical secondary structure in membrane-reconstituted polypeptides.